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■ ,^or many years, the Wheat- 
stone bridge has been an 
essential circuit for measuring 
microvolt changes in voltage-level 
signals. The classic 4-arm circuit is 
not, however, without limitations. It 
assumes that lead-wire resistances 
vary identically, something you can't 
always count on. Even when lead- 
wire resistances do vary identically, 
; you can still get measurement errors 
ecause the lead resistances desensi- 
tize the measurement circuit. 

You can eliminate the effects of 
lead-wire resistance by not including 
their IR drops in any sensed voltages, 
an impossibility with the Wheatstone 
bridge. This requires what I call a 
dual-differential input circuit, which 
can be made from two instrumenta- 
tion amplifiers and 
which relies on the cur- 
rent being the same in all 
parts of a series circuit. 

The dual-differential 
circuit reduces errors by 
simply not sensing any 
IR drops other than 
those of interest. In addi- 
tion, the circuit produces 
an output that has twice 
the amplitude of the out- 
put of a Wheatstone 
Bridge and is linear for 
all changes in sensor 
resistance. You can use 
this circuit as a front end 
for DMMs and A/D con- 
verters when using RTD 
or strain-gauge sensors. 

The dual-differential 
circuit (Fig. 1) uses two 
instrumentation ampli- 
fiers with one amp's 



output tied to the reference input of 
the other. Instrumentation ampli- 
fiers can deliver a desired voltage dif- 
ference even when the voltage differ- 
ence is riding on an undesired 
common-mode voltage. Instrumenta- 
tion amplifiers can also be operated 
at unity gain, and their output can be 
referenced to any stiff (low-imped- 
ance) point such as another instru- 
mentation amplifier's output. Oper- 
ating instrumentation amplifiers at 
unity gain opens up untapped mea- 
surement possibilities for the versa- 
tile device. 

Two Amps Are Better Than One 

The two instrumentation amplifiers 
in Figure 1 form a dual-differential 
input circuit. Each amplifier operates 
at a gain of 1 because the gain-setting 
resistors have been omitted between 
pins 1 and 8. Therefore, the instru- 
mentation amplifier's input voltage — 



from pin 3 (+) to pin 2 (-) — is repro- 
duced at the output (pin 6) with 
respect to wherever you connect the 
output reference terminal (pin 5). 
The output reference terminal must 
be connected to a low-impedance 
point to preserve the instrumentation 
amplifier's common-mode rejection. 

Input V g connects to amplifier 
INA1 operating at a gain of +1. Input 
V ref connects to INA2 operating at a 
gain of -1. Because of their high input 
impedances (typically 10 10 Q,), the 
amplifiers draw essentially no cur- 
rent at their inputs through lead- 
wires RW 3 and RW 4 . The connection 
to the inverting and noninverting 
inputs (pins 2 and 3) determine the 
polarity of the amplifier's output. 
The reference terminal (pin 5) of 
INA2 is connected to analog common 
and its output (pin 6) is connected to 
the reference terminal of INA1. 

Lead-wire IR drops become a part 
of the common-mode voltages reject- 
ed by INA1 and INA2. The output 
taken from the output of INA1 is 
V g -V ref . The equations below show 
that the output yields the desired 
result, namely IAR within the accu- 
racy of INA1 and INA2. Because 
wire resistance does not appear in 
the system equations, the output is 



Dual-Differential 
Measurement Block 




INA1 and INA2 
Pin 7 = V+ 
Pin4 = V- 



Reference 



FIGURE 1. 



A dual-differential circuit measures AR by subtracting the voltage created by a reference resistor 
trom the voltage created by the sensor resistor. 
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Testing your.next board will be 
as using ^Windows, literally. 
QMAX's QT100, QT200 and QT300, 
all run under MS-Windows and use 
our Learn and Compare method to 
learn all the nodal characteristics and 
store them for comparison during the 
repair mode. 

Moreover, our testers have upgradeable 
built-in libraries of the most popular 
I.C. devices so you don't have to 



loca{e^"ShiJ?St3rJfiit? 
ease and accuracy, 
tests TTL and CMOS, and 
comes with a VI Tracjajo 
improve fault and failure coverage. 
RTflBTTJI addresses TTL and CMOS, 
tUMAtH ECL, 3.3V, ±12V and mixed 
signal families. 

HeZTjTjl tests in real time up to 66Mhz 
L1SUJ clock speed, and finds faults 
down to the NODE LEVEL, without the 
use of emulations or simulations. 



QT 100 



program or write test vectors 

_ ^ CALL US TODAY FOR MORE INFORMATION 

Zrr West-Pac International 

1 1 636 Staunton Ave., Los Angeles, CA9002 1 

I " TEL : (213) 741-9977 
FAX: (213) 741-0949 
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STIMULUS i-c 

SW, T U c S ^RAT OR 



THE 
MISSING 
LINK 

between 
commercial test 
equipment and 
custom designs 

$995 



Our board gives you embedded microprocessor control of custom circuitry 
across a IEEE-488.2 or RS-232C interface. Speeds up integration time by 
months. FPGA user area accepts up to a 4010 Xilinx gate array to create 
control circuitry. Flash PROMs enable unlimited updates on application 
software, downloadable via PC. Fits into a VME-type chassis, B-size slot, 
and features 72 dedicated programmable digital I/O lines. Call for info: 
Advanced Designs, Inc., 1495 Garden of the Gods Road, Colorado Springs, 
CO 80907. 719-598-9224, fax 719-598-8106, e-mail adinc@delphi.com 

800-63 2-1904 
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theoretically insensitive to any 
lead-wire resistance change: 
V ou t — Vg — V re f 
V mt = I(R + AR) - IR ref 
lfR ref =R, 
y 0U( = I(R + AR)-IR 
V ovt = IAR 
Be careful when choosing an 
instrumentation amplifier for dual- 
differential input circuits. After all, 
the circuit must subtract volt-level 
signals with microvolt-level stability 



Be careful when choosing an 
instrumentation amplifier for 
dual-differential input circuits. 



and accuracy. If you are operating at 
unity gain, the output-referenced 
errors of the amplifier may seriously 
degrade the performance of the cir- 
cuit. Common-mode rejection 
improves with the amplifier's gain. I 
have had good results with INA114 
instrumentation amplifiers because 
of their high common-mode rejection 
(>75 dB at unity gain) and almost no 
output-referenced error. 

Using the INA114, each ohm of 
random lead-wire resistance change 
appears as a few micro-ohms of 
apparent transducer output in the 
output voltage. Therefore, you can 
use the circuit as a strain-gauge or 
RTD signal conditioning circuit that 
is unaffected by random changes in 
any lead-wire resistance. 

You must pick R ref to equal your 
RTD or strain-gauge sensor's nomi- 
nal resistance (R). The initial differ- 
ence between R and R,. ef appears as 
an offset in the output that you can 
subtract out using your meter or 
a computer. You can add circuits 
that combine current regulation, off- 
set canceling, self-calibration, and 
signal-validity identification to the 
dual-differential circuit. I can pro- 
vide information about licensing this 
new technology for commercial use 
(NASA patent no. 5,371,469). 7MY 

Karl Anderson {s a senior measure- 
ment systems engineer at the NASA 
Dryden Flight Research Center, 
Edwards, CA. 805-258-3589; Internet: 
karl_anderson@qmgate.dfrf.nasa.gov. 
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